Hepatitis C virus (HCV) RNA detection and quantification are the key diagnostic tools for the management of hepatitis C. Commercially available HCV RNA assays are calibrated to the HCV genotype 1 (gt1)-based WHO standard. Significant differences between assays have been reported. However, it is unknown which assay matches the WHO standard best, and little is known about the sensitivity and linear quantification of the assays for non-gt1 specimens. Two real-time reverse transcriptase PCR-based assays (RealTime HCV and Cobas Ampliprep/Cobas TaqMan HCV [CAP/CTM]) and one signal amplification-based assay (the Versant HCV RNA, version 3.0, branched DNA [bDNA] assay) were compared for their abilities to quantify HCV RNA in clinical specimens (n ‫؍‬ 65) harboring HCV isolates of gt1 to g5. The mean differences in the amounts detected by RealTime HCV in comparison to those detected by the bDNA assay and CAP/CTM were ؊0.02 and 0.72 log 10 IU/ml HCV RNA, respectively, for gt1; ؊0.22 and 0.03 log 10 IU/ml HCV RNA, respectively, for gt2; ؊0.27 and ؊0.22 log 10 IU/ml HCV RNA, respectively, for gt3; ؊0.19 and ؊1.27 log 10 IU/ml HCV RNA, respectively, for gt4; and ؊0.03 and 0.09 log 10 IU/ml HCV RNA, respectively, for gt5. The lower limits of detection for RealTime HCV and CAP/CTM were 16.8 and 10.3 IU/ml, respectively, for the WHO standard and in the range of 4.7 to 9.0 and 3.4 to 44.4 IU/ml, respectively, for clinical specimens harboring gt1 to gt6. Direct comparison of the two assays with samples of the WHO standard (code 96/798) with high titers yielded slightly smaller amounts by RealTime HCV (؊0.2 log 10 at 1,500 IU/ml and ؊0.3 log 10 at 25,000 IU/ml) and larger amounts by CAP/CTM (0.3 log 10 at 1,500 IU/ml and 0.2 log 10 at 25,000 IU/ml). Finally, all three tests were linear between 4.0 ؋ 10 3 and 1.0 ؋ 10 6 IU/ml (correlation coefficient, >0.99). In conclusion, the real-time PCR based assays sensitively detected all genotypes and showed comparable linearities for the quantification of HCV RNA, with the exception of gt1 and gt4. The previously reported differences in the absolute quantification of samples harboring gt1 were confirmed and may be explained by different calibrations to the WHO standard.
Hepatitis C virus (HCV) infection is a common cause of chronic liver disease that can lead to end-stage liver disease, including hepatocellular carcinoma.
At present, combination therapy with pegylated interferon and ribavirin is the standard of care. However, this treatment regimen appears to be effective in only 40% to 50% of patients infected with genotype 1 and approximately 80% of patients infected with genotypes 2 and 3 (12, 13, 16) .
A sustained virologic response, defined as undetectable HCV RNA at least 6 months after the completion of therapy, may be predicted by a number of host and viral factors, including age, race, liver fibrosis, the HCV genotype, and the baseline viral load.
Recent reports suggest that decisions on the optimal treatment duration may be made on the basis of the baseline viral load and the virologic response at weeks 4, 12, and 24 of therapy (2, 11, 15, 28) . In addition, stopping algorithms have been established on the basis of a less than 2-log 10 drop in the viral load at week 12 of therapy, due to a very low rate (no greater than 3%) of a sustained response (9, 12) . Moreover, the detection of HCV RNA at week 24 is associated with a low sustained virologic response rate, and treatment discontinuation is recommended due to nonresponse (9) . Measurement of HCV RNA has therefore become the key parameter for the tailoring of individualized treatment.
For HCV RNA measurement, different standardized quantification assays based on signal amplification techniques (the branched DNA [bDNA] assay) and target amplification techniques (reverse transcriptase PCR [RT-PCR]) with different sensitivities and different ranges of quantification are commercially available.
Recently, real-time RT-PCR-based assays have been introduced in routine diagnostics and are rapidly replacing standard RT-PCR-and signal amplification-based assays.
These quantification assays offer the advantage of amplification over a broad dynamic range, thus improving limits of detection (LODs) to Յ10 IU/ml and linear quantification up to 10 7 to 10 8 IU/ml without the need for predilution. Previous qualitative and quantitative RT-PCR-based tests may be combined in a single assay. The development of a WHO HCV international unit (IU) standard has contributed to better accuracy and the better comparability of the results obtained by different assays. However, the standard is based on the consensus value attained from the quantitative analysis only of samples harboring HCV RNA of genotype 1 (22, 23) . Although all current commercially available assays are calibrated to the WHO standard, little is known about the sensitivity and the linear quantification of these assays when they are directly compared with each other by the use of both clinical and WHO standard specimens. In addition, it has been shown that the results obtained by assays performed with different HCV genotypes may vary significantly, despite standardization to IU, and it remains unclear which assay produces the correct results (7, 24) .
The aim of our study was to evaluate and compare the performance characteristics of three currently available HCV RNA quantification methods, including two real-time PCRbased assays ( 
MATERIALS AND METHODS
HCV genotyping. The HCV genotypes were determined by using the Versant HCV genotype (version 2.0) assay (a line probe assay; Siemens Healthcare Diagnostics, Tarrytown, NY), in accordance with the manufacturer's instructions. While with version 1 of the line probe assay HCV subtypes 1a and 1b were correctly identified in only Ͻ90% of the patient samples, a Ͼ95% accuracy for correct subtyping is achievable with version 2 (1, 4, 6) . In addition, version 2 correctly identifies samples harboring genotype 6 (4, 20) . HCV RNA assays. (i) Abbott RealTime HCV. RealTime HCV is based on the reverse transcription-PCR technology combined with real-time fluorescent detection for the quantification of HCV RNA.
HCV RNA was isolated by the Abbott m2000sp instrument from 1,000-l aliquots (sample volume required, 500 l), as described previously (17) . Extracted samples and controls were then amplified and detected with the Abbott m2000rt instrument, according to the manufacturer's instructions.
In short, an RNA sequence that is unrelated to the HCV target sequence is added as an internal control (IC). Specimens and ICs are extracted highly efficiently by binding to magnetic particles.
After sample preparation, reverse transcription and amplification are carried out with the thermostable recombinant Tth DNA polymerase. Both, HCV and IC have their respective primers and probes. The HCV-specific primers and probes bind within the highly conserved 5Ј nontranslated region of HCV, and the IC primers and probes bind to a target sequence of an armored RNA particle derived from the pumpkin plant (Cucurbita pepo).
For detection of the amplification products, the assay utilizes real-time PCR technology with two different dually labeled fluorescent oligonucleotide probes that bind to the HCV or the IC target sequence. The probes carry a fluorescent moiety that is covalently linked to the 5Ј end and a quenching moiety that is covalently linked to the 3Ј end. When the HCV or the IC target sequence is absent, the fluorescent moiety is quenched and there is no fluorescent emission (randomly coiled probes). In the presence of the target sequences, probe hybridization to complementary sequences separates the two moieties and allows fluorescence emission and detection.
The amplification cycle at which the fluorescent signal is detected by the m2000rt instrument is proportional to the log of the amount of HCV RNA present in the original sample; thus, the HCV RNA concentration in the specimen can be calculated. The assay has adopted the second international WHO standard for HCV RNA (code 96/798) for calibration, and HCV RNA concentration is reported in IU per ml.
Generally, four different modes of results are possible: undetectable (below the LOD of the assay), positive but below 12 IU/ml, positive above 12 IU/ml with an exact HCV RNA concentration, or positive above 8.0 log 10 IU/ml (which represents the upper limit of quantification). RealTime HCV has a reported linear quantification range of between 12 and 10 7 IU/ml. The assay's 95% detection rate or LOD is 10.5 IU/ml, as stated in the package insert. Similar results have been reported in an analysis conducted by researchers who were independent of the manufacturer (27) .
(ii) Roche CAP/CTM. CAP/CTM is also based on the real-time reverse transcription-PCR technology.
HCV RNA extraction from 1,000-l aliquots (sample volume required, 850 l) of clinical samples and controls was performed with the automated Cobas Ampliprep instrument, according to the manufacturer's instructions. The extracted samples and controls were then processed for amplification and detection with the Cobas TaqMan 48 analyzer, as described previously (24) . CAP/CTM is standardized against the first WHO international standard for HCV RNA (code 96/790), and titers are reported in IU per ml. As for RealTime HCV, the results of CAP/CTM are reported in four different ways: undetectable (below or above the assays' LOD), positive but below 15 IU/ml, positive above 15 IU/ml with an exact HCV RNA concentration, or positive and above 6.9 ϫ 10 7 IU/ml (upper limit of quantification).
The assay's linear quantification range is between 43 and 6.9 ϫ 10 7 IU/ml, as indicated in the package insert. The assay's 95% detection rate is 12.6 IU/ml (package insert) and has ranged from 7.4 to 10.5 IU/ml in recently published studies (26, 29) .
(iii) Versant bDNA assay. The Versant bDNA assay is a signal amplification nucleic acid probe test that uses a sandwich nucleic acid hybridization procedure.
The test has been standardized to the first WHO international standard (code 96/790) and has a reported dynamic range between the lower LOD of 615 IU/ml and 7.7 ϫ 10 6 IU/ml, as stated in the package insert. The testing procedure has been described elsewhere and was performed by following the manufacturer's instructions (21) .
The bDNA assay is currently the only commercially available assay that has gained FDA approval, but all three tests (RealTime HCV, CAP/CTM, and the bDNA assay) have received the Communauté Européenne (CE) mark.
Clinical correlation of HCV RNA assays. The performance characteristics of the three HCV RNA assays (RealTime HCV, CAP/CTM, and the bDNA assay) were evaluated by the comparative quantification of HCV in clinical specimens sorted by genotype.
Sixty-five undiluted clinical serum samples from patients infected with HCV genotype 1 (n ϭ 30), 2 (n ϭ 12), 3 (n ϭ 16), 4 (n ϭ 4), or 5 (n ϭ 3) were obtained from the outpatient clinic at Saarland University Hospital. Written informed consent was obtained from each patient, and the studies were approved by the Ethics Committee of Medical Research in Homburg, Germany, in accordance with the 1975 Declaration of Helsinki.
All samples were stored at Ϫ80°C. To allow identical conditions for all assay procedures, the samples were thawed to generate appropriate aliquots and were subsequently stored again at Ϫ80°C prior to parallel testing by all three assays. To determine the intra-assay variability, aliquots were analyzed in triplicate in a single run. Samples with invalid, nondetectable, and outlying results were excluded from further analysis.
WHO and genotype-specific assay sensitivity. To measure the analytical sensitivity of the two real-time PCR-based assays, panels of the second international WHO standard HCV RNA (code 96/798) were serially diluted to the following concentrations: 50, 25, 15, 10, 7.5, 5, and 2.5 IU/ml. The dilutions were stored at Ϫ80°C and were subsequently tested in parallel by both assays. Fifteen replicates of each concentration of the panel were tested in a single run.
In addition, the LOD was also evaluated with serial dilutions of six clinical specimens infected with HCV genotypes 1 to 6. For this purpose, serum samples were collected from patients with chronic HCV infection in the outpatient clinic at the Saarland University Hospital in the same fashion as described above. Panels with the following concentrations were produced: 50, 25, 12.5, 6.25, and 3.125 IU/ml. The original HCV RNA levels used for calculation of the dilutions were determined by RealTime HCV. Aliquots were again tested in parallel by both assays (RealTime HCV, CAP/CTM). Twelve replicates of each concentration were tested in a single run.
Quantification of HCV WHO standard RNA. Even though all commercially available assays have adopted the HCV WHO standard for calibration, differences between assays have been reported (7, 24) , and it remains unclear which assay's results correspond best to the standard material.
The assigned unitage of the second international WHO standard HCV RNA is 50,000 IU/ml. For direct comparison of the two real-time PCR-based assays, high-titer dilutions of the standard were prepared by using HCV antibodynegative human serum. Four aliquots of 25,000 IU/ml and three aliquots of 1,500 IU/ml were each tested in a single run by RealTime HCV and CAP/CTM, respectively.
Genotype-specific assay linearities. The linearities of all three assays were determined on the basis of results of tests with high-titer clinical specimens from patients infected with HCV genotypes 1 through 5. For each genotype, one high-titer sample (Ͼ10 5 IU/ml) was selected. Determination of the original HCV RNA level was performed by RealTime HCV.
Six dilutions (1.0 ϫ 10 6 , 3.3 ϫ 10 5 , 1.1 ϫ 10 5 , 3.7 ϫ 10 4 , 1.2 ϫ 10 4 , and 4.1 ϫ 10 3 ) were prepared, and HCV antibody-negative and/or HCV RNA-negative plasma obtained from healthy volunteers was used as a dilution matrix. Each dilution was tested in triplicate by all three assays in a single run.
Data analysis. The results are expressed as the mean, median, and standard deviation (SD), as appropriate. Correlation coefficients (R values) and the rates of agreement between RealTime HCV, the bDNA assay, and CAP/CTM were determined from the mean differences in quantification for averaged log values by Bland-Altman plot analysis (Bias, version 8.4.6; Epsilon Verlag, Frankfurt, Germany) (3). Intra-assay variability was expressed as the SD and the coefficient of variation (CV), based on the mean log 10 -transformed HCV RNA concentrations. Probit analysis was performed to determine the LOD, with the results for standard reference samples used as independent variables and the numbers of positive results used as dichotomous variables (SPSS program, version 16.0; SPSS Inc., Chicago, IL). The LOD was determined as the 95% probability of obtaining a positive result for HCV RNA. R values were calculated for linearity data.
FIG. 2.
Bland-Altman analysis of genotype-specific mean differences in HCV RNA quantification by RealTime HCV versus that by the bDNA assay. Due to the relatively low number of samples harboring genotypes 4 and 5, Bland-Altman analysis was performed only for genotypes 1 (A), 2 (B), and 3 (C). The bold lines represent the mean differences for the samples, the thin lines represent the 95% limits of agreement, and the dashed lines are the reference lines. Bland-Altman plots of the results for HCV genotypes 1 to 3 were used to determine the agreement between RealTime HCV and the bDNA assay. The differences between the two assays were plotted against the averaged log 10 results. For RealTime HCV versus the bDNA assay, the mean difference between the values of the assays for genotype 1 was Ϫ0.02 log 10 IU/ml HCV RNA, with limits of agreement (mean difference Ϯ 2 SDs) of Ϫ0.44 and 0.40 log 10 IU/ml, and more than 95% of the differences fell within these limits. The mean difference between the values for genotype 2 was Ϫ0.22 log 10 IU/ml, with limits of agreement of Ϫ0.53 and 0.10 log 10 IU/ml. The mean difference in the values for genotype 3 was Ϫ0.27 log 10 IU/ml, with limits of agreement of Ϫ0.63 and 0.09 log 10 IU/ml. The mean differences between the values of the two assays for genotypes 4 and 5 were Ϫ0.19 and Ϫ0.03 log 10 IU/ml, respectively (Fig. 1A and 2A to C; Table 1) . R values for genotypes 1 to 5 were also calculated and ranged from 0.94 to 0.99.
For genotype 1, the agreement of the values between RealTime HCV and CAP/CTM was poor, with a mean difference of 0.72 log 10 IU/ml (limit of agreement, 0.24 and 1.20 log 10 IU/ ml). The agreement for genotypes 2 and 3 was good, with mean differences of 0.03 log 10 IU/ml (limit of agreement, Ϫ0.55 and 0.60 log 10 IU/ml) and Ϫ0.22 log 10 IU/ml (limit of agreement, Ϫ0.89 and 0.44 log 10 IU/ml), respectively. The mean differences for genotypes 4 and 5 were Ϫ1.27 and 0.09 log 10 IU/ml, respectively (Fig. 1B and 3A to C; Table 1) . R values for genotypes 1 to 5 ranged from 0.36 to 0.99.
Comparison of the bDNA assay with CAP/CTM demonstrated poor agreement of the results for samples harboring genotype 1. The mean difference was 0.74 log 10 IU/ml, with limits of agreement of 1.02 and 0.46 log 10 IU/ml. The mean differences for genotypes 2 and 3 were 0.24 log 10 IU/ml (limit of agreement, 0.82 and Ϫ0.34 log 10 IU/ml) and 0.05 log 10 IU/ml (limit of agreement, 0.80 and Ϫ0.70 log 10 IU/ml), respectively. The mean differences for genotypes 4 and 5 were Ϫ1.08 and 0.12 log 10 IU/ml, respectively ( Intra-assay variability was calculated on the basis of the three replicates measured for each patient sample. The CVs varied from 0.72% to 1.3% for RealTime HCV, 0.55% to 1.35% for the bDNA assay, and 1.4% to 3.02% for CAP/CTM ( Table 2 ). The CVs for specimens with low viral loads (Ͻ400,000 IU/ml HCV RNA, as assessed by RealTime HCV) were between 1.01% and 1.69% for RealTime HCV, 0.5% and 1.54% for the bDNA assay, and 1.66% and 3.24% for CAP/ CTM (Table 2) .
Assay sensitivity for WHO standard and genotype-specific clinical samples. The positive hit rates (positive values of Ͻ12 IU/ml or Ն12 IU/ml) for the WHO HCV RNA standard dilution series for RealTime HCV were 73% (11 of 15 samples) at 10 IU/ml, 87% (13 of 15 samples) at 15 IU/ml, and 100% at 25 IU/ml. The positive hit rates (positive values of Ͻ15 IU/ml or Ն15 IU/ml) for CAP/CTM were 87% (13 of 15 samples) at 10 IU/ml and 100% at 15 and 25 IU/ml. The lower LOD determined by probit analysis yielded sensitivities of 16.8 (95% confidence interval, 13.1 to 27.9) for RealTime HCV and 10.3 (95% confidence interval, 8.4 to 15.1) for CAP/CTM (Table 3 and Table 4 ).
RealTime HCV achieved positive hit rates (positive values a Panels of the second international WHO standard HCV RNA (code 96/798) were used. The LOD determined by probit analysis was 16.8 IU/ml (95% confidence interval, 13.1 to 27.9 IU/ml).
of Ͻ12 IU/ml or Ն12 IU/ml) of Ն95% at a concentration of 6.25 IU/ml for clinical samples harboring genotypes 1, 2, 3, 5, and 6. However, a Ն95% hit rate for genotype 4 was achieved only at 12.5 IU/ml (Table 5) .
For CAP/CTM, positive hit rates (positive values of Ͻ15 IU/ml or Ն15 IU/ml) of Ն95% at a concentration of 6.25 IU/ml were achieved only for samples harboring genotypes 1 and 5. A Ն95% positive hit rate was achieved for genotype 3 at 12.5 IU/ml. Positive hit rates of Ն95% were achieved for genotypes 2 and 4 at 25 IU/ml. In addition, 92% positive hit rates were achieved for genotypes 1, 2, 4, and 5 at higher concentrations (Table 6) .
For clinical specimens harboring genotypes 1 to 6, the sensitivities obtained by probit analysis were in the range of 4.7 to 9.0 IU/ml for RealTime HCV. For CAP/CTM, the lower LOD ranged from 3.4 to 14.1 IU/ml for samples harboring genotypes 1, 3, 5, and 6. For samples harboring genotypes 2 and 4, significantly higher values were observed at 44.4 and 40.5 IU/ ml, respectively (Tables 5 and 6 ).
Quantification of HCV WHO standard RNA. For estimation of the correct quantification of high concentrations of the WHO standard by the two real-time PCR-based assays, repeat testing at concentrations of 1,500 and 25,000 IU/ml was performed.
RealTime HCV quantification results for the WHO standard samples yielded mean deviations of Ϫ0.2 log 10 IU/ml (range, Ϫ0.4 to Ϫ0.2 log 10 IU/ml) and Ϫ0.3 log 10 IU/ml (range, Ϫ0.4 to Ϫ0.2 log 10 IU/ml) at 3.2 log 10 (1,500 IU/ml) and 4.4 log 10 (25,000 IU/ml), respectively. For CAP/CTM, the quantification difference was 0.3 log 10 IU/ml at 3.2 log 10 and 0.2 log 10 IU/ml (range, Ϫ0.1 to 0.4 log 10 IU/ml) at 4.4 log 10 ( Table 7) .
Genotype-specific assay linearity. For RealTime HCV, CAP/CTM, and the bDNA assay, the quantification of HCV RNA of five different HCV genotypes (1 to 5) was mostly linear between 4.0 ϫ 10 3 and 1.0 ϫ 10 6 IU/ml. The exception was the CAP/CTM assay, which showed results lower than expected for the sample harboring genotype 4 at concentrations above 1.0 ϫ 10 4 IU/ml (Fig. 5A to C) . The overall R values between the expected and the observed results were Ͼ0.99, Ͼ0.99, and 0.99 for RealTime HCV, the bDNA assay, and CAP/CTM, respectively, with mean differences in the expected and the observed values of Ϫ0.06, 0.14, and Ϫ0.14 log 10 IU/ml for the three assays, respectively. 
DISCUSSION
The clinical utility of HCV RNA quantification is well established (7, 24) . Indeed, viral load monitoring before, during, and after antiviral therapy is crucial for the management of hepatitis C. Among other aspects, HCV RNA assays ideally should be sensitive, offer precise and reproducible quantification results, and be reliable across all the different HCV genotypes.
The lack of standardization among HCV quantification assays has been overcome, in part, by the development of an IU standard (22, 23) . However, the results differ significantly between assays, despite the standardization to IU (5, 14, 24) , and it remains unknown which assay calibration best matches the standard. In addition, relative quantification results and LODs for different genotypes may vary among assays, since standardization to IU and the calibration of assay sensitivity are based on genotype 1a (22, 23) .
In this study, we evaluated and compared the performance characteristics of two quantitative real-time reverse transcription-PCR-based assays (RealTime HCV and CAP/CTM) and one signal amplification-based assay (the bDNA assay).
The quantification of undiluted clinical specimens by RealTime HCV in comparison to that by the bDNA assay displayed a high correlation and good agreement among all genotypes tested. Mean differences were below Ϯ0.3 log 10 IU/ml.
Comparison of RealTime HCV and CAP/CTM showed a good correlation only for samples harboring genotypes 2, 3, and 5. The mean difference between RealTime HCV and CAP/CTM for specimens harboring genotype 1 was 0.72 log 10 IU/ml; i.e., the quantification results obtained by the CAP/ CTM assay were found to be higher than those obtained by RealTime HCV. In contrast, the quantification results for samples harboring genotype 4 obtained by the CAP/CTM assay were lower than those obtained by RealTime HCV (Ϫ1.27 log 10 IU/ml).
Comparison of CAP/CTM and the bDNA assay again showed a high concordance for samples harboring genotypes 2, 3, and 5, whereas a discrepancy for samples harboring genotypes 1 and 4 similar to that found for RealTime HCV and CAP/CTM was observed (higher levels of quantification for genotype 1 and lower levels of quantification for genotype 4 by CAP/CTM; 0.74 and Ϫ1.08 log 10 IU/ml, respectively).
Taken together, our results demonstrated an overall good correlation of the results of all assays. However, when the HCV RNA levels in samples harboring genotype 1 were measured by CAP/CTM, they were always greater than the corresponding levels obtained by both RealTime HCV and the bDNA assay. In addition, a lower level of quantification by CAP/CTM was observed for samples harboring genotype 4. Despite the small number of samples available, these results are in line with those of a previous comparative study of Cobas TaqMan assays, the Cobas Amplicor Monitor assay, and the bDNA assay (24) . More recently, Chevaliez et al. have described the overestimation of HCV RNA levels by CAP/CTM (7) . However, in that study the global overquantification of HCV RNA of approximately 0.6 log 10 IU/ml was claimed for all genotypes. In the present study, as well as in other previous studies, major differences in HCV RNA quantification be- tween CAP/CTM, the bDNA assay, and RealTime HCV were restricted only to HCV genotype 1 and/or 4 (5, 17, 24, 30) . To date, the underquantification obtained for samples harboring genotype 4 has not been fully understood (7, 24, 29) . The mismatch of primers and/or the TaqMan probe and the target viral sequence is unlikely to be the only reason, since the recent introduction of a revised version of the manual High Pure system for specimen extraction, which is used together with the CTM amplification and detection system (version 2), has overcome the prior underestimation of the amounts of genotypes 2 through 5 without changing the set of primers and/or probes used. In fact, only changes in the ethanol concentration of the wash buffer used for sample preparation and the temperature of the reverse transcription step were introduced (8). However, it has been suggested that suboptimal binding of oligonucleotides due to the secondary structure of the internal ribosome entry site and/or genotype-specific polymorphisms within the highly conserved 5Ј nontranslated region may be responsible for underestimation of the quantity of genotype 4 by CAP/CTM (24, 29) .
The clinical impact of genotype 4 underestimation by CAP/ CTM may be the greatest in Egypt and the Middle East, where this genotype is prevalent. However, this technical issue may have minor implications (i.e., the use of different cutoff values for low versus high viral loads at the baseline) for patient management if viral load testing before, during, and after antiviral therapy is always performed by the same assay and in the same laboratory.
Since the bDNA assay has a reported lower LOD of 615 IU/ml, it was not included in our sensitivity experiments. In the present study, RealTime HCV had a sensitivity of 16.8 IU/ml for the second international WHO standard HCV RNA (code 96/798) that was comparable to that of the CAP/CTM assay (10.3 IU/ml) and that correlated with previous results (17, 27, 29) .
The sensitivity of RealTime HCV was even lower for clinical specimens harboring genotypes 1 to 6 (4.7 to 9.0 IU/ml). Interestingly, CAP/CTM had a limit of detection between 3.4 and 14.1 IU/ml for samples harboring genotypes 1, 3, 5, and 6, whereas samples harboring genotype 2 and 4 yielded higher probit values of 44.4 and 40.5 IU/ml, respectively. However, the results for the lower LODs of clinical specimens may vary between different samples of different HCV subtypes and origins. In a recent publication by Sizmann et al., equal lower LODs between 6.5 and 15.8 IU/ml for HCV genotypes 1 to 6 were reported (29) . In that study, however, no comparison with other real-time PCR-based assays was performed, and the results may vary depending on the method used for assessment of the HCV RNA concentration in the original undiluted sample. Generally, patients who may have tested HCV RNA negative during or after antiviral therapy by older assays with lower LODs of Ն50 IU/ml may test HCV RNA positive by highly sensitive HCV RNA assays. Highly sensitive HCV RNA assays are now used in clinical practice to define a virologic nonresponse to antiviral therapy and to predict relapses after antiviral therapy (10, 18, 19, 25) . In addition, the large dynamic range of the real-time PCR-based assays allows precise HCV RNA quantification without predilution, which was frequently required with previous standard PCR-based assays.
As discussed above, previous studies have shown differences of 0.5 to 0.7 log 10 IU/ml for clinical specimens harboring genotype 1 between different assays (7, 17, 24) . Although the bDNA assay, RealTime HCV, and CAP/CTM are calibrated to the WHO standard, it remains unclear which of the assays corresponds best to the WHO standard on direct comparison. In order to investigate whether one of the assays over-or underestimates the true HCV RNA concentration, we performed for the first time a direct comparison of the two real-time PCR-based assays with the WHO standard.
The standard, produced by the National Institute for Biological Standards and Control (South Mimms, United Kingdom), is available only at an assigned unitage of 50,000 IU/ml. Two concentrations (25,000 and 1,500 IU/ml) were chosen and tested in multiple aliquots in a single run each.
The present analysis revealed a consistently lower level of quantification of the WHO standard by RealTime HCV (Ϫ0.2 to Ϫ0.3 log 10 IU/ml) and a consistently higher level of quantification of the WHO standard by CAP/CTM (ϩ0.2 to ϩ0.3 log 10 IU/ml). Thus, the total difference adds up to approximately 0.5 log 10 IU/ml, and this corresponds to the findings of previous clinical studies that evaluated CAP/CTM versus the bDNA assay and RealTime HCV (7, 17, 24) .
In conclusion, the real-time PCR-based HCV RNA assays showed comparable, linear HCV RNA quantification abilities and a comparable sensitive detection of all HCV genotypes, with the exception of genotypes 1 and 4. The previously reported differences in the absolute quantification of samples harboring HCV genotype 1, which showed higher quantification results by CAP/CTM and lower quantification results by the bDNA assay and/or RealTime HCV, resulting in a total difference of approximately 0.5 to 0.7 log 10 IU/ml, were confirmed (7, 17, 24 
